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ABSTRACT

Objective: Tissue culture derived plants are often vulnerable to abiotic stresses but mechanisms underlying
such responses are hardly known. This study was conducted to determine mechanisms underlying drought
stress vulnerability of in vitro derived banana cv. ‘Uganda’.

Methodology and results: Suckers of in vitro derived off-type, in vitro micropropagation (MP) derived normal
plants and conventionally propagated (CP) plants with no tissue culture history in their ancestry were
collected in the field at Sokoine University of Agriculture and planted in 20-litre containers for drought
stress evaluation. The mechanisms underlying the drought stress vulnerability were determined when
banana plants reached 1.5 m tall based on leaf global cytosine DNA methylation, stomatal density and leaf
senescence. Global cytosine DNA methylation was determined from cigar leaves by a reversed phase
HPLC analysis. Leaf stomatal density was determined as the number of stomata per unit area of both
upper and lower leaf surfaces. Leaf senescence was estimated as a number of leaves with dying margins
when soil moisture level decreased to minus 630 millibars. The off-type and MP derived plants had lower (P
< 0.05) global cytosine DNA methylation of 11.3 and 17.5 % compared with 22.5 % of the CP derived
plants. On the contrary, the off-type and MP derived plants had higher stomatal density of 78.2 and 78.8
stomata per mm? on the lower leaf surface compared to 72.0 stomata per mm? of the CP derived banana
plants. The leaf senescence of the off-type and MP derived plants was significantly (P < 0.05) higher with
87.7 and 79.5 % compared to 66.7 % of the CP derived plants at soil moisture of minus 630 millibars.
Conclusion and application: These findings provide evidence that tissue culture process increases the
vulnerability to water stress of in vitro banana regenerants as a consequence of increased leaf stomatal
density which is possibly under the control of cytosine DNA hypomethylation. The vulnerability of the in vitro
derived banana cv. ‘Uganda’ limits the use of tissue culture derived planting materials among small-scale
farmers with limited water resource and irrigation facilities but provides an opportunity for further studies to
minimise water stress susceptibility of in vitro derived banana suckers.
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INTRODUCTION

Explant preparation and the use of growth regulators (Cassels and Curry, 2001). This stress triggers
to induce regenerative competence during plant in production of toxic free radicals and non-radical
vitro micropropagation are stressful to plant cells reactive oxygen species (Johnston et al., 2006). The
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toxic substances can attack nucleic acids, resulting in
the production of genotoxic products such as 5'-
methyl-2-deoxycytidine  (Bialkowski and Olinski,
1999; Benson, 2000). The formation of 5-methyl-2-
deoxycytidine is known as cytosine DNA methylation
and this product alters the ability of RNA polymerase
and transcriptional proteins to bind to the DNA during
transcription (Slater et al, 2003), resulting in
epigenetic gene expression such as silencing and
repression (Kazmierczak, 1998; Slater et al., 2003).
The frequently encountered somaclonal variation
among tissue culture-derived plant regenerants has
been associated with DNA methylation (Kaeppler et
al., 2000; Cassels and Curry, 2001). DNA
methylation affects the way plants adjust to the
environment, including responses to coldness
(Deumling and Clermont, 1989). The number and
function of stomata are influenced at an early stage
of plant development by the environmental conditions
(Jonathan et al., 1997; Majada et al., 2001). Humid in
vitro culture conditions coupled with limited gaseous
exchange in airtight culture vessels affected stomatal
development and guard cell functioning (Campos et
al., 2003). For instance, carnation plantlets

MATERIALS AND METHODS

Description of study areas and plant materials:
Sword suckers were collected from the field-grown
parent banana cv. ‘Uganda’. The suckers were planted
in 20-litre containers in February 2007 at Sokoine
University of Agriculture, Tanzania. The plant growth
medium consisted of forest soil, farmyard manure and
rice husk at 3:2:1 (v/v), respectively. The container
plants were raised under a polyethylene plastic tunnel
with average temperatures and relative humidity of 26
°C and 68 %, respectively.

Experimental design: The experimental setup
consisted of a complete randomised block design with
three treatments. These treatments were in vitro
originated off-type suckers at the fourth ratoon cycle
(treatment 1), in vitro originated normal suckers at the
fourth ratoon cycle (treatment 2) and conventional
propagated suckers with no tissue culture history in
their ancestry (control). Each treatment was replicated
three times and a replicate consisted of 10 plants.
Cytosine DNA methylation and stomatal density:
The DNA methylation and stomatal density were
determined from cigar leaves before withholding
irrigation. Ten cigar leaves of off-type, MP and CP
derived banana plants at 1.5 m tall were collected for

propagated under humid culture conditions had
higher stomatal density with stomata failing to close
properly when subjected to darkness, abscissic acid
and polyethylene glycol (Majada et al., 1998). The
changes in stomatal density and closure affect the
survival of in vifro plantlets not only during
acclimatisation but also after field establishment
(Kirdmanee et al., 1996). On the other hand, the
aseptic conditions during in vitro propagation results
in mass production of pest-free in vitro plants but
also removes endophytes required for natural plant
defence against biotic and abiotic stresses, including
drought stress (Hamill et al., 2005).

Field grown in vitro derived off-type and true-to-type
plants of East African banana cv. ‘Uganda’ exhibited
higher drought stress vulnerability than the
conventionally derived banana plants with no tissue
culture history in their ancestry. The mechanisms
underlying this vulnerability are hardly known. The
objective of this study was to determine the
mechanisms  underlying the drought stress
vulnerability of in vitro derived off-type and true-to-
type banana cv. ‘Uganda’ based on leaf cytosine
DNA methylation and stomatal density.

determination of DNA methylation and stomatal density.
Nucleic acids for determination of DNA methylation
were extracted using CTAB-based procedure with
modifications according to Ramage et al. (2004). The
nucleic acids were digested into nucleotides and
nucleosides using nuclease P1 (Sigma N-8630) and
bacterial alkaline phosphatase (Sigma P-4252),
respectively (Chakrabarty et al., 2003; Johnston et al.,
2005). Nucleoside chromogram was generated using a
reversed phase HPLC and the percentage global
cytosine DNA methylation was calculated according to
Johnston et al. (2005) as follows:

[de ]

mDNA
[dc + mdc ]

= 100

Where, mDNA: Cytosine DNA methylation (%), mdC: Methylated
DNA cytosine (uM) and dC: Non-methylated DNA cytosine (uM).

The cigar leaf stomatal density was determined
according to Marin et al. (1988). Stomatal density was
calculated as the number of stomata per unit area of
the leaf upper and lower surfaces.
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Plant physiological responses to drought stress:
The off-type, MP and CP derived plants at about 1.5 m
tall stage were water-stressed by withholding irrigation
until the soil moisture level monitored by a tensiometer
(Eijkelkamp Agrisearch, Netherlands) reached minus
630 millibars. As 80 % of banana pseudostem
constitutes water, the plant response to water stress
was assessed based on reduction in pseudostem
diameter and leaf senescence. Ten plants for each
replicate were randomly selected for measurements of
pseudostem diameter. The diameter was measured at
a height of 60 cm from the root collar using veneer a

RESULTS AND DISCUSSION

The off-type and MP derived plants had significantly (P
< 0.05) lower global cytosine DNA methylation of 11.3
and 17.4% compared with 22.5 % of the CP derived
banana (Table 1). The reduction in cytosine DNA
methylation in the off-type and MP derived plants
possibly occurred during the in vitro induction of
adventitious shoots. Several studies have reported

calliper. All leaves in a plant were used for drought
stress assessment. The leaf senescence was
estimated based on the number of leaves per plant with
dying margins.

Data analysis: Percentage data were arcsine-
transformed prior to analysis using SPSS 15.0
computer statistical programme (SPSS, 2006). The
data were subjected to analysis of variance, and
multiple means comparison was performed based on
Tukey honest significant difference (Tukey-HSD) test (P
<0.05) (Zar, 1997).

DNA hypomethylation during callus induction in many
plant species (Harding et al., 1996; Koukalova et al.,
2005). For instance, cytosine DNA methylation
decreased from 44.0 % in the donor plants to 32.8 % in
the callus-derived regenerants of Siberian squill plants
(Deumling and Clermont, 1989).

Table 1: Leaf cytosine DNA methylation, stomatal density and senescence of drought stress vulnerable in vitro

regenerants of banana cv. ‘Uganda’

Variable Off-type MP plants CP plants
Cytosine DNA methylation (%) 11.32£0.5 1742+ 0.3 225°+13
Number of stomata/mm? (Lower face) 78.2°+1.3 78.8°+1.5 72.00£1.0
Number of stomata/mm? (Upper face) 16.00+0.3 12.32+£0.2 11.02+£0.1
Leaf senescence per plant (%) 87.7¢+3.3 7950 +4.4 66.72 + 5.1
Reduction in pseudostem diameter (%) 174°+£0.5 16.0%° + 0.6 14.99+£ 0.9

Mean bearing the same superscript letter within the row are not significantly (P < 0.05) different according to Tukey-HSD test.

Changes in DNA methylation during in vitro culture are
influenced by stress, especially that caused by growth
regulators used to induce tissue regenerative
competence (Koukalova et al., 2005). For example, the
loss in DNA methylation increased with the amount of
kinetin in the growth media in callus-derived carrot
regenerants (Arnholdt-Schmitt et al., 1991). A reduction
in DNA methylation has been associated with cold
stress treatment in Arabidopsis (Finnegan et al., 1998)
and maize seedlings (Steward et al., 2002). The
increased drought stress vulnerability of the in vitro
derived banana cv. ‘Uganda’ possibly involved a loss in
cytosine DNA methylation. Losses in cytosine DNA
methylation have similarly been associated with
vulnerability to coldness in callus-derived Siberian squilll
plants (Deumling and Clermont, 1989). The leaf lower
surface of the off-type and MP derived plants had
significantly (P < 0.05) higher stomatal density of 78.2

and 78.8 stomata per mm? than the CP derived plants
with 72.0 stomata per mm?2 (Table 1). High leaf stomatal
densities have also been reported in several tissue
culture derived plant species, including bamboo and
apple (Blanke and Belcher, 1989). The increased
stomatal density of the in vitro derived banana
encountered in this study was possibly caused by
tissue culture conditions, especially high humidity in
airtight culture vessels. An increased stomatal density
has also been reported in tissue culture derived
carnation plants (Majada et al., 1998). Correspondingly,
the off-type and MP derived banana plants had
significantly (P < 0.05) higher leaf senescence of 87.7
and 79.5 % compared with 66.7 % of the CP derived
plants (Table 1). The deterioration of field-grown in vitro
derived plants as a result of excessive water loss has
also been reported in several plant species (Marin et
al., 1988; Kirdmanee et al., 1996).
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CONCLUSION

The increased drought stress vulnerability of field-
grown in vitro derived regenerants of banana cv.
‘Uganda’ is due to high stomatal density, which is under
the control of cytosine DNA hypomethylation. This is
the first report showing the association between
cytosine DNA hypomethylation and drought stress
vulnerability in tissue culture derived banana plants.
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